Detailed mineralogical, bulk-rock geochemical and Sr-Nd isotopic data for the recently discovered Ahobil kimberlite (Pipe-16) from the Wajrakarur kimberlite field (WKF), Eastern Dharwar craton (EDC), southern India, are presented. Two generations of compositionally distinct olivine, Ti-poor phlogopite showing orangeitic evolutionary trends, spinel displaying magmatic trend-1, abundant perovskite, Tirich hydrogarnet, calcite and serpentine are the various mineral constituents. On the basis of (i) liquidus mineral composition, (ii) bulk-rock chemistry, and (iii) Sr-Nd isotopic composition, we show that Ahobil kimberlite shares several characteristic features of archetypal kimberlites than orangeites and lamproites. Geochemical modelling indicate Ahobil kimberlite magma derivation from small-degree melting of a carbonated peridotite source having higher Gd/Yb and lower La/Sm in contrast to those of orangeites from the Eastern Dharwar and Bastar cratons of Indian shield. The T DM Nd model age (w2.0 Ga) of the Ahobil kimberlite is (i) significantly older than those (1.5e1.3 Ga) reported for Wajrakarur and Narayanpet kimberlites of EDC, (ii) indistinguishable from those of the Mesoproterozoic EDC lamproites, and (iii) strikingly coincides with the timing of the amalgamation of the Columbia supercontinent. High bulk-rock Fe-Ti contents and wide variation in oxygen fugacity fO 2 , as inferred from perovskite oxybarometry, suggest non-prospective nature of the Ahobil kimberlite for diamond.
Introduction
Kimberlites are small-volume and unusual ultramafic rocks which are extremely enriched in incompatible trace elements as well as in volatiles. Kimberlites are of economic as well as scientific value owing to the following reasons: (i) they are major primary hosts to diamonds, (ii) entrain abundant mantle and crustal xenoliths, (iii) links to mantle metasomatism and (iii) constitute the deepest magmas produced in the mantle which we may observe at the surface (e.g., Sparks, 2013; Aulbach et al., 2017; Tappe et al., 2018) . Investigation of the kimberlite entrained xenoliths and diamond inclusions have significantly enhanced a better understanding of the evolution of the earth. However, despite decades of researche there are several unresolved and contentious issues regarding the (i) origin of kimberlite magma (see Le Roex, 1986; Heaman and Kjasgaard, 2000; Heaman et al., 2003; Torsvik et al., 2010 Torsvik et al., , 2016a Currie and Beamount, 2011) (ii) composition of kimberlite magma (including wall-rock assimilation) (e.g., Donnelly et al., 2012; Pilbeam et al., 2013; Kamenetsky and Yaxley, 2015) and (iii) the extent to which kimberlites are modified by syn-and post emplacement processes including alteration by ground waters (e.g., see contrasting views of Stripp et al., 2006; Sparks, 2013; Afanasyev et al., 2014; Giuliani et al., 2014) . Regardless of the general complexity of kimberlite magma formation and evolution, a general consensus is that fresh magmatic bonafide kimberlites are strikingly similar in terms of mineralogy (Mitchell, 2008) , major-and traceelement geochemistry (Khazan and Fialko, 2005; Kjarsgaard et al., 2009) , as well as in radiogenic isotope compositions (Griffin et al., 2014; Sun et al., 2014) on a global scale.
Based on their mineralogical, geochemical and isotopic characteristics kimberlites have been conventionally divided into Group-1 (archetypal kimberlite) and Group-2 (orangeite) types (Smith et al., 1983 (Smith et al., , 1985 Mitchell, 1995) . It was initially thought that orangeites are confined only to the Kaapvaal Craton of southern Africa, but their subsequent reports from other localities like Dronning Maud Land, Antarctica (ca. 159 Ma; Romu et al., 2008) , the Mainpur area of the Bastar Craton, central India (ca. 65 Ma; Lehmann et al., 2010) , the Timmasamudram area, Eastern Dharwar craton, southern India (ca. 90 Ma to ca. 1100 Ma; Chalapathi Dongre et al., 2017) and West Karelia (ca. 1.2 Ga; Kargin et al., 2014) firmly established that they also occur outside the Kaapvaal craton.
The Eastern Dharwar craton (EDC) of southern India is the world's largest known repository of Proterozoic kimberlites numbering more than a hundred. In view of overlapping mineralogical and geochemical aspects of some of these occurrences with those from the Group I and II kimberlites as well as lamproites and ultramafic lamprophyres (aillikites) their precise nomenclature has been a subject of contention (see Haggerty and Birkett, 2004; Mitchell, 2013, 2016; Smith et al., 2013; Shaikh et al., 2017) . On the basis of petrological and geochemical characteristics Chalapathi Rao and Dongre (2009) and Chalapathi Rao et al. (2012) classified many of the NKF (Narayanpet kimberlite field) kimberlites to be transitional between Group-I and -II variants with a strong affinity towards the Group-I type. Interestingly, a Late Cretaceous kimberlite from Timmasamudram cluster in WKF (Chalapathi has recently been demonstrated to be of Group-II (orangeite) variety. Thus, the presence of Group I, II as well as their transitional variants of kimberlites is indicated in the eastern Dharwar craton. In this study, we present the petrology and geochemistry (including Sr and Nd isotopic composition) of a newly discovered Pipe-16 kimberlite pipe from the WajrakarureLattavaram cluster of WKF in the EDC. The pipe is to referred as Ahobil kimberlite in this paper because of its spatial proximity close to Penna Ahobilam, a famous temple of Lord Narashima. The objectives of this study are to (i) understand the petrological and mineralogical characteristics of the Ahobil kimberlite, (ii) characterize the occurrence with respect to global as well as Indian kimberlites and orangeites, (iii) constrain its petrogenesis and (iv) provide insights into its diamond prospectivity.
Geological setting
The Archaean Dharwar Craton of the Indian shield is bounded by Bastar Craton towards north east, by polymetamorphic Proterozoic Eastern Ghats granulite facies mobile belt towards the east, lavas flows of Deccan large Igneous province in the north west and the southern granulite terrain in the south (Ramakrishnan and Vaidyanadhan, 2008; Fig. 1) . The Dharwar Craton is dominated by the granite-green stone belts as well as gneissic basement of tonalite-trondhjemite-granidiorite (TTG) composition. These inturn are intruded by north-south trending granitic plutons collectively known as Closepet Granite of 2510 Ma (Friend and Nutman, 1991) . A number of Paleo-Mesoproterozoic intracratonic sedimentary basins overlie the granite-greenstone terrain towards its eastern and northern margins. The Chitradurga schist belt divides the Dharwar craton into two distinct groups called as Eastern Dharwar Craton (EDC) and Western Dharwar Craton (WDC) (Jayananda et al., 2006) .
In the Dharwar Craton, kimberlites are virtually restricted to the EDC and are distributed over four distinct fields viz., (i) the Wajrakarur field (WKF), (ii) the Tungabhadra field (TKF), (iii) the Raichur field (RKF) and (iv) the Narayanpet field (NKF) (see Nayak and Kudari, 1999; Neelakantam, 2001; Paton et al., 2009 ) towards the western margin of the Paleo-to Mesoproterozoic Cuddapah sedimentary basin. The WKF is the largest of them and comprises four clusters viz., (i) the WajrakarureLattavaram, (ii) the Chigicherla, (iii) the Timmasamudram and (iv) the Kalyandurg. Available emplacement ages of the kimberlites in the EDC reveals two distinct age groups of (i) Mesoproterozoic at w1100 Ma (Gopalan and Kumar, 2008; Osborne et al., 2011; Chalapathi Rao et al., 2013a,b) and (ii) Late Cretaceous at w90 Ma (Chalapathi .
The Ahobil kimberlite under study was discovered by the geologists of GSI during their regular field work and reported it as Pipe-16 ( Fig. 1 for location) in their annual progress report (Geological Survey of India, 2018) . Preliminary field and geochemical studies on this kimberlite were also reported by Phani and Raju (2017) . The body exposed at the confluence of a stream (Balkamthota vanka) with the Penner river bed (Fig. 2) , has an irregular outline, and most of it lies submerged under water cover barring some portions which have protruded above flowing water of river and are exposed along the river channel margin.
Sampling and analytical techniques
The freshest possible samples were collected from the exposed parts of the outcrop that too during the dry season when the water content of the river channel was low. Special care was taken to remove all visible crustal and mantle-derived contaminants before subjecting the samples to geochemical analysis. Petrographic study of the Ahobil kimberlite was carried out by combined optical microscopy and EPMA based back scattered electron (BSE) imaging. Mineral chemistry was carried out on CAMECA SX Five model EPMA at the Mantle Petrology lab, Department of Geology, Institute of Science, Banaras Hindu University, Varanasi. Wavelength Dispersive Spectrometry (WDS) with TAP, LIF, LLIF and PET were employed. A number of in house standards (Pandey et al., 2018) were used for calibration using an acceleration voltage of 15 kV, beam current of 10 nA, 1 mm beam diameter were used. The accuracy of analysis is 3s error and confidence level of 95.5% and precision of (0.1 wt.%). Major and trace elements in olivine were analysed together at an acceleration voltage of 25 kV, beam current of 40 nA and beam size of 1 mm and calibration settings are given in the Supplementary Table S1 . Mineral chemistry data obtained for various phases are presented in Tables 1e6.
Whole rock major and trace elements of 6 samples were carried out at Activation laboratories, Ancaster Canada. Multi acid digestion ICP-OES Model: (Thermo-JarretAsh ENVIRO II) was used to analyse the major elements, while ICP-MS (PerkinElmer Sciex ELAN 6000) was used to analyse the trace and rare earth elements (REE). STM1, MRG1, DNC1, W 2 , SY 3 were used as internal standards and precision is approximately 5% and 5%e 10% for major oxides and trace elements respectively at 100 Â detection limit. The bulk rock geochemical data is provided in Table 7 . The analytical procedure is detailed by Gale et al. (1997) and is available at the Activation Laboratories Ltd website (www.actlabs.com).
For the determination of Sr and Nd isotope compositions, three samples were dissolved using ultra-pure HF, HNO 3 and HCl acid mixtures. Strontium and neodymium were separated from the rock matrix using ion exchange column chromatography and the detailed procedure is described in Banerjee et al. (2016) . The Sr and Nd isotope ratio measurements were carried out using a Thermo Scientific Triton Plus Thermal Ionization Mass Spectrometer (TIMS) at the Centre for Earth Sciences, Indian Institute of Science using a protocol described in Banerjee et al. (2016) Nd ¼ 0.7219, respectively to correct for the instrumental mass fractionation. JNdi-1 Nd isotopic-standard and SRM-987 Sr isotopic standard were used during the analyses. The results obtained are provided in Table 7 .
Petrography and mineral chemistry

Petrography
Petrographic studies show that the studied samples belong to coherent facies of kimberlite volcanism (Cas et al., 2008) and possess the characteristic inequigranular texture typical of kimberlites ( Fig. 3A ) (see Mitchell, 1997) imparted by different sized populations of olivine viz., (i) euhedral macrocrystal (>0.5 mm) and (ii) subhedral microphenocrystal (<0.5 mm). A number of olivine macrocrysts of size ranging from 2 mm to 11 mm (Fig. 3B) are also occasionally present. Whereas most of the olivines are fresh, a few of them have been altered to serpentine mostly along rims and fractures. Apart from the two generation of olivines, phlogopite, serpentine, spinel, calcite, perovskite and garnet are also present (Fig. 3C) . One of the peculiar traits of Ahobil kimberlite, when compared to rest of the WKF occurrences, is the high modal abundance of perovskite throughout the ground mass (Fig. 3D) . Scattered, stubby-shaped and highly pleochroic phlogopites are present in the groundmass and are sometimes altered to chlorite and serpentine (Fig. 3E ). Perovskite also occurs as necklace around olivines displaying a garlanding texture (Fig. 4A) . Spinel is present as euhedral crystals in size range of 150e100 mm and is found as clusters throughout the ground mass and even as rims around cores of garnet (Fig. 3F) . Carbonate is present throughout the groundmass. Garnets are restricted to the groundmass and are intimately associated with spinels, suggesting that they may be formed by replacement of spinel (Fig. 3F) . Nayak and Kudari, 1999) . Red asterisk denoted as P16 is the kimberlite of this study.
Mineral chemistry
Olivine
Olivine shows a range in composition (Fo: 83e93 and NiO: 0.44e0.15; Tables 1 and 2 ) and NiO varies with Fo content ( Supplementary Fig. 1 ). Olivine macrocrysts and microphenocrysts have distinct compositions. The macrocrystic olivines have higher Fo and lower Ti concentrations which imply that they are of foreign origin unlike the phenocryst olivines which have crystallised directly from the kimberlite magma. Al concentration is below et al. (2010) at an assumed pressure of 50 kbar based on the xenoliths from kimberlites of Wajrakarur-Lattavaram cluster (see Ganguly and Bhattacharya, 1987; Nehru and Reddy, 1989) . The calculated temperatures (Table 1) are within the range of crystallisation temperature of olivine and absence of complex zoning suggests that they were crystallised from the kimberlite magma. BSE images reveal little composition variation apart from serpentinisation along the rims. Composition of the olivines of this study is indistinguishable from the data reported for macrocrysts and microphenocrysts from world-wide kimberlites and orangeite (Fo 81.7e91.5 and up to 0.42 wt.% of NiO; Arndt et al., 2010).
Phlogopite
The chemistry of phlogopite from ultramafic alkaline rocks has often been used for their nomenclature as well as for understanding the evolution of their magmas (Mitchell, 1995; Brod et al., 2001; Reguir et al., 2009; Lepore et al., 2017) . In the Ahobil phlogopite, TiO 2 ranges from 1.52 wt.% to 2.87 wt.% whereas Al 2 O 3 varies from 5.60 wt.% to 7.21 wt.% (Table 3) . On the other hand, the Cr 2 O 3 contents are too low (<0.1 wt.%) compared to those reported from phlogopites in Canadian and Russian kimberlites (Cr 2 O 3 ¼ 0.12e1.72 wt.%; Reguir et al., 2009) . Their FeO content ranges from 9.03 wt.% to 11.27 wt.%. In the bivariate plot of TiO 2 vs. Al 2 O 3 (Fig. 5A ), the phlogopites of this study show compositional overlaps with those from the NKF and WKF pipes (Chalapathi Rao et al., 2010 and display an affinity to world-wide Rao et al., 2011) . Low Al concentration in the liquid and high fO 2 could be the factors for the low Ti tetra-ferriphlogopite character displayed by the mica under study (Table 3 ; Heathcote and McCormick, 1989; Brigatti et al., 1996) . Moreover, as phlogopites are the late stage phases, small-scale variation or heterogeneities in the magma composition may also have been responsible for displaying this aspect (Reguir et al., 2009 ) and likely to be a characteristic feature of the Ahobil kimberlite magma (Guarino et al., 2013) .
Spinel
Spinel is ubiquitous and their representative composition is presented in Table 4 . Spinel from the present study shows a compositional range from magnesian titanian magnetite to titanian-magnesiochromite. Their MgO content has a wide range (1.05e12.98 wt.%) and are conspicuously Mn-rich (up to 2.30 wt.%). Mitchell (1986) delineated two trends amongst kimberlites groundmass spinel a magmatic trend-I (magnesian ulvospinelmagnetite trend) and magmatic trend-II (titanian magnetite trend). Where magmatic trend-I is characteristic of kimberlites, the magmatic trend-II is well known from orangeites, basalts and lamprophyres (Tappe et al., 2004 (Tappe et al., , 2005 Roeder and Schulze, 2008 ). Significant population of spinels from the Ahobil kimberlite display trend-I in contrast to the evolutionary trend-II displayed by TK-1 and TK-4 orangeites of Timmasamudram cluster (Fig. 6A) . Spinels of this study also preferentially show Ti enrichment with decreasing Cr content (Fig. 6B) at a constant or slight increase in Fe content which is also considered to be a characteristic of magmatic trend-I (Mitchell, 1995) .
Perovskite
Perovskite is paragenetically a well characterised common groundmass phase in kimberlites and accommodates a broad range of elements (mostly rare earth elements) in its crystal structure (Chakhmourdian et al., 2000 (Chakhmourdian et al., , 2013 . Volumetric abundance (w5e7 vol.%) of perovskite is one of the key features of Ahobil kimberlite as compared to many other Eastern Dharwar Craton kimberlites and its representative composition is presented in Table 5 . At places, perovskite occur as garlands around olivine and to better represent this feature, X-ray elemental maps of Si, Mg, Fe, Ca, and Ti are provided (Fig. 4BeF) Mitchell, 1995) . On the contrary, perovskite from orangeite reportedly have higher TiO 2 , and lower FeO (Mitchell, 1995 
Garnet
Garnet is a characteristic xenocrystic mineral in kimberlite where its abundance and size is highly variable. Garnet is derived through the disaggregation of the mantle and lower crustal rocks such as peridotites, pyroxenites, and eclogites during the rapid ascent of kimberlite magma to the surface (Boyd et al., 2004; Lazarov et al., 2009) . It is commonly present as pyrope, whereas andradite, schorlomite (Ti rich) and kimzeyite type are rare; however such Ti-Ca rich garnets have been reported from WKF (Das et al., 2013; Smith et al., 2013; Dongre et al., 2016) . Garnets from the present study are Ti-Ca rich varieties and their representative chemical composition is given in Almandine (8.26e18.34) , Grossular (7.19e10.19) ]. Their low analytical totals by microprobe (Table 6 ) are likely due to hydrated nature which may relate to the altered state of the host kimberlite. However, alteration is considered not to be significant so as to affect the mobility of the least mobile elements such as Ti, Fe, and Cr. Post-magmatic hydrothermal replacement of early magmatic spinels by late-stage magmatic fluid is likely to be the mechanism for the formation of Ti rich garnets . Additionally, their low MgO, Cr 2 O 3 and Al 2 O 3 content may be indicative of low pressure origin. 5. Bulk-rock geochemistry
Crustal contamination
Post-melting open system processes such as entrainment of disaggregated mantle minerals (mostly olivine), crustal xenoliths and alterations are known to have a significant effect on the kimberlite bulk composition. Hence, before utilising geochemistry of the kimberlite samples to understand petrogenetic processes it is imperative to exclude samples showing significant effects of either alteration or crustal contamination. Geochemical parameter commonly used to identify samples affected by crustal contamination is Clement's (1982) contamination index (C.I.), where samples with C.I. values greater than 1.51 are assumed to be contaminated. C.I. values for the Ahobil kimberlite are below the cut-off value of 1.51 with the exception of samples AK/AHBK 1/1 and AK/AHBK 2/1 (Supplementary Fig. 2 ). Crustal contamination in these samples is also reflected in their relatively elevated SiO 2 (up to 39 wt.%) and Al 2 O 3 (up to 6.12 wt.%; (Fig. 10B) . As crustal rocks generally have higher Pb contents, such positive Pb spikes can be generated through crustal contamination if they have an accompanying increment in SiO 2 content (Le Roex et al., 2003) . With the exception of AK/AHBK 1/1 and AK/AHBK 2/1 samples, others have minor positive Pb anomalies without any obvious disturbance of their SiO 2 content.
The reason for such Pb anomalies can be attributed to late-stage, low temperature alteration. In any case, the geochemical data of the two samples (AK/AHBK 1/1 and AK/AHBK 2/1) has been excluded in the ensuing discussion.
Major element geochemistry
The Ahobil kimberlite samples are silica undersaturated (SiO 2 < 40 wt.%) whereas their Mg contents (Mg# ¼ 74e80) are high attesting an ultramafic character. SiO 2 and MgO contents display a broad positive relation (Supplementary Fig. 3 Supplementary Fig. 3 ). TiO 2 and K 2 O show a broad positive correlation with the MgO content ( Supplementary Fig. 3 ). The Ahobil kimberlite samples have lower K 2 O (0.31e1.45 wt.%) and higher TiO 2 (3.12e4.52 wt.%) when compared to those from the Behradih, Timmasamudram and worldwide orangeites which is endorsed by their lower abundance of phlogopite and higher modal perovskite and spinel. However, higher TiO 2 content can also result from accumulation and/or assimilation of ilmenite megacryst and xenocrysts so we have employed Ilmenite Index (Ilm. I) of Taylor et al. (1994) ( Supplementary Fig. 3 ) it can be inferred that the Abohil kimberlite samples have higher CaO, Fe 2 O 3 T , and TiO 2 compared to Behradih orangeite and are similar to those of EDC kimberlites in their major oxide chemistry. Furthermore as Ti is an immobile high field strength element and K is the most mobile large ion lithophile element, their co-variance is known to be a good discriminator between kimberlites and orangeites (Smith et al., 1985) and in such a plot the samples under study are clearly confined to the kimberlite field (Fig. 8) .
Trace element geochemistry
The Ahobil samples display minor variation in concentration of compatible trace elements (Ni ¼ 650e970 ppm, Co ¼ 560e1200 ppm, V ¼ 178e348 ppm, and Sc ¼ 13e19 ppm; Table 7 ). Ni and Cr in the studied samples also display good correlation with the MgO (Supplementary Fig. 4 ). In comparison to orangeites, the Ahobil samples are vanadium rich and corresponds more to those found in EDC kimberlites (75e355 ppm). This abundance can be attributed to higher modal spinel and lower proportion of phlogopite as vanadium is hosted primarily by these minerals. Zr and Nb are the High-field strength elements (HFSE) which are well known to be immobile during alteration and/or weathering. These HFSE show good correlation with other incompatible trace element (e.g., Hf; Supplementary Fig. 4C ) but correlates poorly with fluid mobile large ion lithophile elements such as Ba (Supplementary Fig. 4D ). This reflects that weathering; deuteric alteration and/or post emplacement hydrothermal activity may have affected the large ion lithophile element (LILE) distribution, at least to some extent, in the studied samples (Paton et al., 2009 ). The kimberlite samples of present study have elevated concentration of Zr and Hf compared to other kimberlites and orangeites (2007) and Chalapathi . Fields of kimberlites, Leucite Hills madupite, West Kimberly and Smoky Butte lamproite are taken from Dawson and Smith (1977) and Gibson et al. (1995) . Arrows (indicate evolutionary trends of mica composition) in (B) are from Mitchell (1995) . (Supplementary Fig. 4C and D) ; but Zr is still low enough to distinguish them from lamproites which are highly enriched in Zr (typically 500e1800 ppm; Taylor et al., 1994) . Large ion lithophile element (LILE) concentrations are highly variable (e.g. Rb ¼ 25e149 ppm and Ba ¼ 608e1870 ppm). Bivariate plots between various LILE pairs such as Nb vs. Ba (Fig. 9A) and La vs. Rb (Fig. 9B ) are widely used to distinguish kimberlites and orangeites and the samples under study display marked geochemical affinities to kimberlites. The Ahobil samples display highly fractionated chondrite normalized REE distribution patterns (La/Yb ¼ 79e133; Fig. 10A ) similar to those of Wajrakarur (73e145) (Chalapathi Rao et al., 2004; Chalapathi Rao and Srivastava, 2009; Paton et al., 2009) and Narayanpet (La/Yb ¼ 72e156; Chalapathi Rao et al., 2012) kimberlites and characteristic of potassic and ultra potassic magmas reflecting that they are derived from very small degrees of partial melting of phlogopite bearing garnet lherzolite sources (e.g., Mitchell, 1995; Le. Roex et al., 2003; Bailey and Lupulescu, 2015) . Normalized multi element plot (Fig. 10B ) reveals that trace element content of the Ahobil samples are considerably enriched compared to that in primitive mantle. Troughs found at K, Sr, P and Hf in all the samples (Fig. 10B) either reflects hydrothermal alteration and/or presence of residual phases which are characteristic of source region. Such negative anomalies are well known from Group-I, II and transitional kimberlites from southern Africa. Scatter observed at Rb and Ba in the multi element plot can be attributed to fluid-mobile behaviour of these elements. Potassium bearing residual phase such as phlogopite is thought to be the most likely region for K-depletion of melt (Foley et al., 1999) . Sr depletion can be attributed to residual clinopyroxene and carbonate (Gibson et al., 1995; Tappe et al., 2006) and can even be due to a source that had experienced Sr depletion due melt extraction during an earlier event (Mitchell, 1995) . On the other hand, Becker and Le. Roex (2006) suggested that such Hf depletions are characteristic of primary kimberlite magmas. The Ahobil samples also exclude large-scale subduction signatures as assured by the lack of Nb and Ta negative anomalies in Fig. 10B . It should be pointed out here that positive Pb anomalies are characteristic of uncontaminated orangeites (Coe et al., 2008) . In the absence of significant phlogopite, which is the likely repository of Pb, the spikes at Pb can be ascribed to leaching of Pb from granitoid basement rocks by volatile (CO 2 ) rich magma rather than by processes involving exclusively crustal contamination. 
Sr and Nd isotopes
Three minimally crustal contaminated and relatively fresh bulk rock samples were selected for Sr and Nd isotope measurements and the data is presented in Table 8 . Recently Chalapathi Rao et al. (2013a, b) suggested a wide spread 1.1 Ga tectono-magmatic event for the EDC kimberlites on basis of their perovskite U-Pb ages. The measured 87 Sr/ 86 Sr of Ahobil kimberlite samples is correlated with the 87 Rb/ 86 Sr of these rocks and yields an approximate age of 1.05
Ga (Fig. 11A) which is close to the emplacement age of 1. (Fig. 11B ). In the ( 87 Sr/ 86 Sr) i versus 3 Nd (t) plot which is conventionally employed to distinguish the various isotopic reservoirs of the sources of world-wide kimberlites and lamproites (e.g., Mitchell, 2006; Paton et al., 2009; Tappe et al., 2011) , the samples under study are clearly confined to the 'depleted' quadrant and resemble that of Group-1 kimberlites of South Africa and Greenland (Fig. 11B ). The Ahobil samples are different from orangeites from South Africa, Bastar Craton (India), and lamproites e all of which are confined to the 'enriched' quadrant. Thus, the mantle sources of the Ahobil samples suggest a time-integrated LREE depleted sources relative to present day bulk earth. Sr) i ratios (adopted from Tappe et al., 2011) of the Ahobil kimberlite compared with those for the whole-rock samples (data from Chalapathi Rao et al., 2004; Paton et al., 2007 Paton et al., , 2009 ) and for perovskites (Chalapathi Rao et al., 2013a,b) from WKF and NKF. Data sources for other fields: Mesozoic southern African kimberlites and orangeites (Nowell et al., 2004) ; Mesoproterozoic Labrador lamproites (Tappe et al., 2007) ; Mesoproterozoic Greenland lamproites (Nelson, 1989; Tappe et al., 2007) . Behradih orangeite, Central India (Chalapathi Rao et al., 2011) and Neoproterozoic Greenland kimberlites (Tappe et al., 2011) .
Discussion
Petrography and mineral chemistry reveals that the Ahobil kimberlite samples share several characteristic features of archetypal kimberlites as well as the WKF kimberlites. Clinopyroxene is absent in the Ahobil kimberlite which is otherwise known to be a ubiquitous phase in orangeites and lamproites. Lack of Ti-enrichment in phlogopites and high modal abundance of perovskite also distinguishes it from orangeites. However, phlogopite shows evolution towards orangeite composition which could be due to low Al content and high fO 2 . Paucity of perovskite is a characteristic feature of the Mesoproterozoic lamproites from the EDC (Chalapathi Rao et al., , 2014 whereas perovskite is an abundant phase in the Ahobil samples. The major element concentrations of the Ahobil kimberlite resemble the range reported for global archetypal kimberlites (for compilations see Kjasgaard et al., 2009 ) and in the bi-variate ratio plot of bulk SiO 2 /MgO vs. MgO/CaO ( Supplementary Fig. 5 ), the studied samples are confined to the field of average kimberlite composition. The bi-variate plot of K 2 O vs. TiO 2 (Fig. 8) clearly distinguishes the Ahobil kimberlite from (i) orangeites and olivine lamproites-both of which have enriched K 2 O content and (ii) ultramafic lamprophyres (aillikites) which are clearly more enriched in TiO 2 . The strong bonafide kimberlite affinity of the Ahobil kimberlite is additionally demonstrated by their overlapping Ba/Nb (4.94e13.85) and La/Nb (0.72e0.93) ratios (Fig. 12) , which are within the range of archetypal south African kimberlite and distinct from those of orangeites (Ba/Nb ¼ 10e40; La/ Nb ¼ 1.2e2.2; Becker and Le Roex, 2006) , Greenland-Labrador ultramafic lamprohyres (Ba/Nb ¼ 2e14; La/Nb ¼ 2.7; Tappe et al., 2011) and transitional ultramafic lamprophyre-kimberlite of Khaderpet, WKF (Ba/Nb ¼ 5.49e28.67; La/Nb ¼ 1.2e2.7; Smith et al., 2013) .
The 'depleted' 3Nd isotopic composition further attest to its kimberlitic character and distinguish them from isotopically 'enriched' orangeites from Timmasamudram (TK-1: À5.31 to À8.12 and TK-4: À10.67 to À12.63) (Chalapathi and Bastar craton (À6.30 to À10.53) (Chalapathi Rao et al., 2011) . In summary, mineral chemistry suggests affinity towards kimberlite as well as to some extent that of orangeite, whereas geochemical and isotopic evidence favours a kimberlite affinity. In fact, such decoupling between mineralogy and geochemistry (unlike that found in southern African Group I and II kimberlites) is common in the EDC kimberlites wherein various factors such degree of melting, depth of melting, the nature and content of the sources, residual mineralogy, digestion or fractional crystallisation, degree of metasomatism of mantle source, and timing of metasomatism may have influenced (e.g. Chalapathi Rao and Dongre, 2009; Chalapathi Rao et al., 2011) . Thus, based on mineralogy, chemistry and isotope systematics we classify the Ahobil body as an archetypal kimberlite in contrast to its 'transitional' variety as recently suggested by Phani and Raju (2017) . It should be pointed out here that some kimberlites from the WKF have been recently re-classified as lamproites solely on the basis of mineral chemistry Mitchell, 2013, 2016; Sheikh et al., 2017) . However, their geochemical and isotopic characteristics are clearly distinct from the well-studied Mesoproterozoic Dharwar craton lamproites (see Chalapathi Rao et al., 2004 Rao et al., , 2014 . In fact, Taylor and Kingdom (1999) argued that more reliance should be placed on trace element and radiogenic isotopic composition as geochemical discriminators, as opposed to mineral chemistry, whilst distinguishing between kimberlite and orangeite. Likewise, Francis and Patterson (2010) also highlighted the utility of bulk-rock geochemistry in distinguishing between kimberlites, lamproites and aillikites.
Nature of source region and genesis
High concentration of compatible trace elements (Ni, Cr, and Co), high Mg# (up to 80), low Al 2 O 3 as well as low concentration of HREE indicate a highly refractory source such as depleted peridotite, that experienced previous melt extraction, in the generation of Ahobil kimberlite magma (Beard et al., 2000; Chalapathi Rao et al., 2004) . Likewise, in order to account for high abundance of incompatible elements, low degrees of partial melting of a metasomatised source is also required. Therefore a previously depleted and subsequently enriched mantle source is inferred for the Ahobil kimberlite similar to that invoked for the generation of other kimberlites from EDC (Chalapathi Rao et al., 2004; Chalapathi Rao and Srivastava, 2009) . Source region of kimberlites remains controversial and various competing models are in vogue involving (i) sub-continental lithospheric mantle (SCLM; Heaman, 1989; Skinner, 1989; Tainton McKenzie, 1994; Le. Roex et al., 2003; Chalapathi Rao et al., 2004; Donnelly et al., 2011) , (ii) asthenospheric convecting mantle (Mitchell, 1995 (Mitchell, , 2006 Paton et al., 2007; Wu et al., 2010; Tappe et al., 2012) , (iii) transition zone (Ringwood et al., 1992; Nowell et al., 2004; Paton et al., 2009; Tappe et al., 2013a,b) , (iv) core-mantle boundary (Haggerty, 1999; Collerson et al., 2010; Torsvik et al., 2010) and (v) even from the sources involving cratonic lithosphere and asthenosphere (Griffin et al., 2000; Tappe et al., 2011) .
In order to constrain the source region of the Ahobil kimberlite, we have used various incompatible element ratios as Nb/U and Ce/ Pb (Fig. 13A and B) to distinguish between magmas derived from the SCLM and from the asthenosphere such MORB and OIB (Le. Roex et al., 2003; Paton et al., 2009) . The Ahobil kimberlite samples display signatures of both SCLM as well as asthenosphere. Involvement of a cratonic lithosphere in the genesis of EDC kimberlites is also affirmed by their Re-Os data (Chalapathi Rao et al., 2013b) . Experimental studies have shown that kimberlite magmas could be generated from a carbonated mantle lithologies at up to 8 GPa (Gudfinnsson and Presnall, 2005) . In the MgO/CaO vs. SiO 2 / Al 2 O 3 diagram (Fig. 14) the Ahobil kimberlite samples plots within or close to the composition field of experimentally derived near solidus partial melts of carbonated peridotite above 5 GPa (Brey et al., 2008) and displays striking similarities to global kimberlite parental melt estimates. On the other hand, the orangeites from the Bastar and EDC fall within the compositional field for experimentally produced near-solidus partial melts of phlogopiterich carbonated peridotite (Foley et al., 2009 ). This clearly restricts derivation of Ahobil kimberlite melt from potassic metasomes beneath the EDC. In order to impose better constraints on magma formation incompatible fluid immobile trace elements are commonly deployed as they are known to serve as good indices of Figure 14 . MgO/CaO versus SiO 2 /Al 2 O 3 for Ahobil kimberlite samples of this study. Experimentally produced melt compositions from synthetic carbonated peridotite between 3 GPa and 8 GPa is from Gudfinnsson and Presnall (2005) . The compositional field of re-constructed parental kimberlite melts from various cratons world-wide is taken from Tappe et al. (2014) and the references therein. The experimentally produced melt compositions from synthetic carbonated peridotite between 4 and 6 GPa (phlogopite present) (Foley et al., 2009 ) is represented in dotted lines and phlogopite absent 6 and 10 GPa (Brey et al., 2008) in solid lines. degree of melting and source regions. By assuming the source composition inferred for southern African kimberlites and orangeites from the Kaapaval Craton (Becker and Le Roex, 2006) , we have calculated the trace element abundance for the partial melts utilizing a batch partial melting model. Experimental studies have shown that kimberlitic melts can be generated by low degrees of partial melting of carbonated peridotite at pressure ranging from 6 GPa to 10 GPa (Gudffinnson and Presnell, 2005; Brey et al., 2008; Dasgupta et al., 2009; Foley et al., 2009 ). In the partial melting model, carbonated peridotite/melt partition coefficient at 8.6 GPa and 1470 C given by Dasgupta et al. (2009) were utilized to obtain the melting trajectories of the kimberlites and orangeite source regions (Fig. 15) . The melting trajectories of Becker and Le Roex (2006) are also provided in Fig. 15 for a comparison. This plot demonstrates that the Ahobil kimberlite magma was derived from 2%e3% of melting of a source having higher Gd/Yb and lower La/Sm, in contrast to orangeites which were sourced from altogether distinct source regions having a lower Gd/Yb and higher La/Sm. Nd T DM model age of w2.0 Ga (Table 8 ) of the Ahobil kimberlite is significantly older than those of the bulk-rock as well as perovskite Nd T DM model ages (1.5e1.3 Ga) available for WKF and NKF kimberlites (see Chalapathi Rao et al., 2013a) but strikingly similar to those (2.0 Ga) of the Mesoproterozoic EDC lamproites (see Chalapathi Rao et al., 2004; Chakrabarti et al., 2007) . This implies that the regional metasomatic event during Paleoproterozoic, recorded in the SCLM beneath the Cuddapah basin and its environs (see Chalapathi Rao et al., 2010) , was far more widespread and also influenced the Wajrakarur domain. The Paleoproterozoic model ages of 2 Ga are also consistent with the timing of amalgamation of the supercontinent of Columbia (Meert and Santosh, 2017 and references therein) and provide links to its tectonics.
Diamond prospectivity
A number of criteria are used for evaluating the diamond prospectivity of kimberlites and include (i) Indicator mineral composition (e.g., Grutter, 2004), (ii) usage of bulk rock first row transition elements (Sc to Zn) (e.g., Birkett, 2008) , (iii) estimation of oxygen fugacity fO 2 of perovskites (e.g., Canil and Bellis, 2007) , and (iv) from the bulk rock Fe and Ti contents (e.g., Francis and Patterson, 2009) . In this study, we investigate the diamond prospectivity of the Ahobil kimberlite by utilising its bulk-rock major and trace elements, as well as by estimating oxygen fugacity (fO 2 ) from perovskite Fe-Nb oxybarometer. Francis and Patterson (2009) suggested that best diamond grades are found in kimberlites that have least bulk rock Ti and Fe contents (lesser titano-magnetite). By this analogy, the Fe and Ti contents of the Ahobil kimberlite are high (TiO 2 3.12e4.5 wt.%) and (Fe 2 O 3 11.46e14.29 wt.%) point out its non-prospective nature.
To estimate the possible role of oxygen fugacity (fO 2 ) in influencing diamond preservation we have used Bellis and Canil (2007) Bellis and Canil (2007) suggested that kimberlites having lowest estimated fO 2 values relative to the NNO (nickel-nickel oxide) buffer will, have the least number of reabsorbed diamonds and could be most prospective relative to kimberlites having intermediate and highest fO 2 values. Perovskites from the Ahobil kimberlite have their DNNO estimates ranging from À5.74 to 0.29 with an average value of 2.37. Thus they show a very wide range of fO 2 and Figure 15 . Gd/Yb vs. La/Sm for the samples under study compared with those from kimberlites of WKF and NKF and orangeites from the Bastar craton. Ahobil and Wajrakarur samples show an affinity to kimberlites unlike the Timmasamudram and Behradih samples which exhibits an orangeite affinity, while Narayanpet exhibits a transitional character. Here the curves represent melting trajectories of kimberlite and orangeites source regions. Numbers represent degree of partial melting. Melting curves in continuous line were obtained using partition coefficients from Becker and Le Roex (2006) , whereas melting curves in dashed line represent experimentally determined bulk peridotite/melt partition coefficients at 8.6 GPa and 1470 C (from Dasgupta et al., 2009) . Source region compositions and residual modal mineralogy data is from Becker and Le Roex (2006) . Data sources: Narayanpet kimberlites are from Chalapathi Rao et al. (2004 Rao et al. ( , 2012 ; Bastar orangeites are from Chalapathi Rao et al. (2011) . Wajrakarur kimberlites from Chalapathi Rao et al. (2004) , Chalapathi Rao and Srivastava (2009) . The legends are same as in Fig. 8 . such wide range (Table 5 ; Supplementary Fig. 6 ) may not allow preservation of diamonds in the kimberlite.
Conclusions
We document the mineralogy, bulk-rock geochemistry, Sr-Nd isotopic composition and assess the diamond prospectivity of the newly reported Ahobil kimberlite from the Wajrakarur field, southern India. Modal abundance of perovskite and presence of garnet cores rimmed by spinel are found to be its characteristic features. Mineral chemistry of various liquidus phases (spinel, phlogopite and perovskite) display several characteristics considered to be typical of archetypal kimberlite. Bulk-rock geochemistry and Sr and Nd isotopic composition of the Ahobil kimberlite are indistinguishable from those of world-wide kimberlites and exclude its melt origin from highly potassic metasomes beneath the EDC. The Ahobil kimberlite samples shares the compositional field of experimentally derived near solidus partial melts of carbonated peridotite above 5 GPa and displays striking similarities to global kimberlite parental melt estimates. Geochemical modelling indicate derivation of Ahobil kimberlite magma from 2%e3% of melting of a source having higher Gd/Yb and lower La/Sm in contrast to orangeites from the Dharwar and Bastar cratons which were sourced from altogether distinct source regions having a lower Gd/ Yb and higher La/Sm. The T DM Nd model age of w2 Ga of the Ahobil kimberlite is considerably older by 500 Ma than those reported for WKF and NKF kimberlites but indistinguishable from those of the Mesoproterozoic EDC lamproites. The Paleoproterozoic T DM Nd model age of w2 Ga of the Ahobil kimberlite also coincides with the amalgamation of the Columbia supercontinent and implies tectono-magmatic links to it. High bulk-rock Fe-Ti contents and wide variation in oxygen fugacity fO 2 , as inferred from perovskite oxybarometry, suggest Ahobil kimberlite to be non-prospective for diamond.
